To develop a price index for the housing market in Italy, we adopt the hedonic approach which enables us to separate the price variations due to qualitative changes in housing attributes from pure price changes, i.e.intrinsic real estate price variations. The resulting index is much more robust and accurate than the mean price indexes commonly used by real estate professionals in Italy. Using data from Italy's "Real Estate Observatory" we develop 
Introduction
The problems in constructing of a price index for the housing market are partly common to those encountered in developing an index for any market of differentiated goods. The quality differences between goods traded in different periods have to be measured and taken into account.
For example, suppose that in one period only small apartments in the suburbs of a town are sold, and in a subsequent period only apartments in the most elegant districts of the town.
To compute the variation of the general price level of housing correctly, one must control for the different types of dwelling units , otherwise the increase in the price level will be seriously overestimated.
Both theoretical and empirical research have proposed four basic approaches to control for quality adjustments in constructing housing price indexes 1 : the matched model, the repeat sales model, the hedonic model and the hybrid model. Although research has made considerable advances in all these approaches in recent decades, the hedonic method has recently aroused particularly strong interest and has been increasingly applied. National statistical agencies in a This paper seeks to fill the gap. We use three different hedonic methods -multi-period pooled, adjacent-period , and characteristics -to derive housing price indexes for the three largest Italian cities -Rome, Milan, and Naples -and their surroundings over the period [2004] [2005] [2006] . Our results basically confirm the general trend of housing prices shown by the simpler indexes currently available: House prices in all three cities increase considerably faster than the general price index. On average, property values appreciated fastest in Rome, followed by Naples and Milan. However, a comparative examination discloses sometimes remarkable differences in time for different indexes. But if we take only the hedonic indexes for any single city, they all follow a very similar pattern.
The paper is organized as follows. Section 2 reviews the alternative methods we use to compute hedonic indexes. Section 3 describes the data set. Section 4 discusses the econometric specification of the hedonic function and our estimation strategy. The estimation results and the indexes are presented in Section 5, conclusions and suggestions for further research in Section 6.
Hedonic price indexes
A hedonic price index is any price index that is based on a hedonic function. A hedonic function maps the quantities of the characteristics of a differentiated good (a house in our case) into its price. 4 Hedonic indexes can be computed by several different methods, depending on the kind of information they extract from the hedonic function. Triplett (2004) distinguishes among four hedonic approaches: the time dummy variable method, the characteristics price index method, the price imputation method and the quality adjustment method. The first two use only the price information derived from the hedonic function with no alternative source, and accordingly, the hedonic function estimate for each period for which a price index is needed. The other two are imputation methods in that they use the hedonic function to impute prices or to adjust for quality changes in the sample of housing units in cases where matched comparisons break down.
The choice of methodology depends on the intended application for the index. For example, the French National Institute for Statistics and Economic Studies (INSEE) uses an imputation method to estimate the price dynamics of a fixed stock of houses over time. This procedure ignores changes in the composition of the market, for instance a larger proportion of smaller size apartments in upswings than in downswings. We use the time dummy method and the characteristics method -described briefly in the next two subsections -because we are interested in measuring price changes of the housing units actually sold. We briefly discuss them in the next two subsections. To simplify the presentation, we introduce a hedonic function specified in a very simple way, the linear form. Section 4 considers a more flexible functional form.
The time dummy variable method
The time dummy method can be specified in two different forms: the multi-period pooled model and the adjacent-period model. To intoduce these specifications, consider a set of market-traded housing units, denoted by i = 1, ..., N. Each unit is defined by a finite set of characteristics
+ , by the period of the sale t = 1, ..., T , and by the market price p it . Under multi-period pooling, the hedonic price equation takes the form
with d τ denoting a dummy variable equal to 1 when the unit i is sold at a period τ equal to t, and 0 otherwise. Only T −1 dummies are included because of the dummy variable trap problem.
a 0 is the constant term and u it the usual error term. When the model (1) is estimated, the multiperiod pooled index for period t is obtained recursively according to the following formula:
starting from a normalized value in the first period equal to 100;p 1 is the estimated average price in the first period.
This method gives the price index directly and straightforwardly, which undoubtedly why initially it was initially one of the most widely used. But it must be applied with care, especially when the period is long (such as 10 years). Equation (1), in fact, implies that a single hedonic price function is valid for all time periods, so the implicit prices of the characteristics are constrained to be always the same. This is questionable: the empirical evidence shows that hedonic function coefficients often change, even between adjacent time periods. 5 However, as Triplett (2004) remarks, none of those who make this kind of criticism provides empirical evidence.
Another implication of this method is that the index is reversible. That is, when the estimation is extended to one additional period, the time parameter estimates, a 2τ , may change for all previous periods. This, together with the need to keep official statistics stable over time, is presumably why this method is not generally adopted by national statistical agencies.
The second specification of the time dummy method, the adjacent-period approach, estimates the hedonic price function for each pair of adjacent periods, so that the equation becomes:
where τ = t, t + 1 and t = 1, ..., T − 1 The corresponding adjacent-period index is
wherep it is the estimated average price in the first period.
This is actually tantamount to a pooled model, but here the pooling of periods results in the minimum span of time required to implement the time dummy variable method. The adjacent-period method is usually preferred to the multi-period pooled model because it constraints hedonic coefficients to be constant for only two adjacent periods, thus allowing housing characteristics to affect prices differently over time.
The characteristics price index method
Our second method, the characteristic price index, uses the estimated regression coefficients from the hedonic function weighted by the amounts of characteristics. Assume that a hedonic price equation is defined for each period, so that for period t we have:
The intuition rests on the interpretation of the coefficientsâ 1kt of characteristic k as an estimate of the implicit prices for that characteristic. Hence one can derive an explicit characteristic price index by combining the characteristics prices weighted by their quantities. As a rule, the mean oe median quantity of characteristics purchased in the reference period is used.
5 Implicit price variations are due to changes in the supply of or demand for the characteristics.
Take two periods t and t + 1. We can define a Laspeyres-type characteristic price index as the ratio between the second period and the first period hedonic function both evaluated for the "typical" housing unit in the first period, i.e. using as weights the quantities of characteristics corresponding to the "typical" unit sold in t:
Analogously, we can define a Paasche-type characteristic price index when weights correspond to the quantities of characteristics observed in the period t + 1:
Finally, a Fisher-type characteristic price index is given by the geometric mean of the Laspeyres and Paasche price indexes for characteristics:
A common feature of all characteristic indexes is that implicit prices are allowed to vary over time. Furthermore, the Laspeyres-type index ignores the possibility of substitution and consumption pattern change over time. Paashe is the same but takes the current period as the base and adjusts previous consumption to the present.
Data
Our data set comes from the "Osservatorio del mercato immobiliare" (OMI) managed by a For large cities, information is collected at the level of "homogeneours area", which we shall call districts. Each district is internally homogeneous in terms of socio-economic and urban characteristics, availability and quality of public services, access to major lines of communication,
etc., making it likely that prices of houses located within a district will move together.
In the case of Milan, the data identify 10 districts in the central city area. Supposing a monocentric structure of the metropolitan area, the data on housing sales in the outskirts are grouped into two different districts according to the distance from the center of Milan.
The "inner belt" encompasses municipalities up to about 25 kilometers out, the "outer belt" a second group up to about 50 kilometers. Figure 1 in the Appendix illustrates the districts identified within the region corresponding to central Milan and the two metropolitan belts of its metropolitan area. An analogous strategy has been followed for Rome, where 24 districts have been identified (see Figure 2 in the Appendix) 7 and Naples with 11districts have been identified (see Figure 3 in the Appendix)
The joint distribution of house sales by territory and time period is shown in For the Naples city center, several districts are not represented in the sample in every half-year period, so it is not possible to develop all the hedonic indexes presented above (see section 5).
A special feature of the OMI data set is that for each observation one of three different types of price is actually reported in relation to the availability of data: the actual selling price, the offer price (that is the price at which the owner would sell the house) and the estimated price (defined as the likely amount at which a sale would be concluded according to the evaluation of the OMI officers). As regards the characteristics that definine housing units, we consider only structural attributes, such as year of construction, number of bathrooms, etc., since detailed information on amenities (e.g. public trasportation, commercial facilities, parks, etc.) have too many missing values and display a very weak variability within each single district. We overcome the problem of missing values, and at the same time control for inter-district variability in the endowment of amenities, by introducing a proxy set of dummy variables specific to each district.
Some summary statistics of the variables describing the main characteristics of the units in the sample are provided in Most are apartments in standard residential buildings. By size, they are smaller in Milan and larger in Rome and Naples, in particular outside the city center. The year of construction is known only for Milan, with a large number of missing values for Rome and Naples (more than 70 percent in Rome and 50 percent in Naples). In Rome and Milan, most of the values recorded are offer prices, while in Naples half the observations are estimated market value.
Finally we have supplemented the OMI data set with information for each housing unit located in the outskirts, according to the distance from the center of the relevant municipality where the hounsing unit is located to the center of the main city. This distance is measured both in kilometers and in minutes required to cover this span by car. 9
Empirical Modeling and Estimation
Empirical application requires specification of the hedonic price function by choosing the proper functional form and selecting appropriate variables. As regards the functional form, the only guidance provided by the theory is that only in rare special cases will the function be linear. 10 Instead, the most frequently-used functional form is the log-linear specification. Malpezzi (2002) summarizes the advantages of this choice. First, it allows a simple and appealing interpretation of the regression coefficients, which can be treated as an approximation of the percentage change in the value of the dependent variabile (price) given a unit change in the corresponding explanatory variable. 11 Second, it allows a fair amount of flexibility, as the right-hand side can include dummy variables, polynomial terms and the like. Third, the price impact of an additional unit of a given housing characteristic is proportional to the size and quality of the housing unit.
Thus, for example, the value added by a second bathroom to a one-bedroom house is different from that added to a four-bedroom house. 12 Nor does theory offer a guide to the choice of independent variables. All the characteristics relevant to the determination of market price -those that both yield utility to residents and are costly to produce (Butler, 1982) -should be included. In practice, empirical studies consider at least structural features (age, cellars, garages, etc.), locational, and neighborhood variables (quality of schools, socio-economic characteristics of the neighborhood, access to facilities and other amenities). 13 In the case of the time dummy variable method, the log linear specification of the hedonic price equation is as follows:
where the logarithm of the price for any housing unit i sold at time t (with t = 1, ..., T ) depends on:
-a constant term α, 1 1 Actually, the interpretation in terms of percentage variation is an approximation and is not accurate for dummy variables. We will expand on this point later, after defining our empirical model. 1 2 Whereas with a linear specification the value added will be the same. This is another reason to avoid the linear form. 1 3 Some amenities (as socio-demographic factors) or their omission can cause problems of endogeneity which are generally solved by instrumental variable techniques (see, for example, Black (1999) and Downs and Zabel (2003)). When no appropriate instrumetal variables are not available, location dummies are sometimes used as proxies of neighbourhood amenities. This is certainly a sub-optimal solution since, under appropriate conditions, it can solve the omited variable issue but not the endogeneity problem. An alternative strategy is to use spatial econometrics (see, for example, Barthélémy et al. (2007)).
-two dummy variables m i1 and m i2 equal to 1 if the price is, respectively, an offer price or an estimated price and 0 otherwise. The reference value is the selling price,
-the logarithm of the size in square meters ln S i 14 -a set of variables x ik measuring the private characteristics of the unit, -a set of fixed effects l ij describing the location -a set of time dummies s iτ equal to 1 if the unit is sold at time t and 0 otherwise, -a residual term ε it assumed to be normally and independently distributed across observations with zero mean.
It is well established that the antilog of the OLS regression estimate of a dummy variable coefficient is not an unbiased estimate of the coefficient, which means that the price indexes estimated by the dummy variable method are biased. We use the following bias correction formulated by Kennedy (1981) 15
whereV (.) denotes the approximate unbiased variance estimator introduced by Garderen and Shah (2002),V (φ t ) = 100 2 exp 2φ t exp −V (φ t ) − exp −2V (φ t ) .
Therefore the multi-period pooled index corresponding to (2) in the case of log linear equation (8) is:
starting again from a normalized value in the first period I MP 1 = 100 and with:
The case of the adjacent-period index is simpler. The log linear specification of the hedonic price equation is:
where we recall that τ = t, t + 1, and t = 1, ..., T − 1. The corresponding adjacent-period index is
Finally, consider the characteristic price index method. The log linear specification of the hedonic price equation distinctively estimated for each single period t is:
The Laspeyres-type characteristic price index corresponding to the specification (5) is given by
eρ jt l jt whereS t denotes the average value of S at the first period t.
Similarly, the Paasche-type characteristic price index is
As noted in Pakes (2003) the numerator in (11) is, by construction, equal to the geometric mean of the actual prices in period t + 1. This constitutes a great advantage because there is no need to run the regression every period.
The Fisher-type characteristic price index is the square root of the product of the Laspeyres and Paasche indexes.
Results
Hedonic equations (8), (9), and (10) are separately estimated for every inner city and surrounding region including inner and outer belts. The empirical specifications of (8), (9), and (10) vary slightly with territory because they apply to different sample data. For example, the empirical models for Milan and its surrounding area include the building's age as a regressor while for Rome and its region this is not possible because of the large number of missing values. White (1980) tests. We take account of the possible change in the variance of residuals by considering the heteroscedatistic consistent-covariance matrix estimator proposed by Davidson and MacKinnon (2004) . The regression results for three cities and their surroundings are reported in tables A.2-A.7 in the Appendix, which also discusses the main outcomes.
In this section we present the indexes we have obtained. Tables A.8 
Index
Multi-period pooled Adjacent-period 
Conclusion
Until now, price indicators for the Italian housing market have relied mainly on expert judgment and/or average sales prices. This paper has applied the hedonic price approach to build a housing price index, making it possible to separate variations due to changes in dwellings' attributes from pure price changes, i.e.intrinsic real estate price variations.
Our results point the way to substantial future research. First, if nationally representative data were available our approach could be extended to derive a national real estate price index, which does not exist today. Secondly, the release planned by OMI, of geographically specific data about the housing units sold could provide more precise reliable information on the availability of amenities (e.g. public transport, schools, commercial facilities, parks, etc.) and, as a consequence, a better specification of the hedonic price equation itself.
Finally, it could be interesting to test whether local spatial effects may not be better captured by spatial models à la Dubin (1998) and Pace et al. (1998) . Instead of assuming that each submarket has its own effect modeled by a separate parameter, as with the indicator variable models, spatial models explicitly take into account the spatial correlations between the error terms of nearby housing units. 
A.1 Results of the hedonic estimation
The housing variables used in the models account for about 83 percent of the variance of the logarithm of price, the highest adjusted R-squared values are for Naples city center and Milan city center (91 and 88 percent, respectively).
The estimated regression coefficients 18 for the different specifications are fairly similar and exhibit the right sign.
On average, offer prices are 4-8 percent higher than market prices. The coefficient of the dummy variable for estimated market value is not statistically significant, so we conclude that in general evaluations formulated by the OMI officers are not too far from the actual transaction prices.
The coefficient of the floor area surface is always less than 1, which means that the marginal price for an additional square meter decreases at a decreasing rate. As expected, a second 1 8 Two asterisks in tables A.2.-A.7 denote a 1% level of significativity; one asterisk a 5% level.
bathroom or more, like a garage, positevely influences the transaction price . A high storey apartment is better than a middle storey (2 nd or 3 rd ); a ground-floor apartment is worse. , between the second and the third floor. A flat to be renovated has a lower value than one in normal conditions.
The type of building matters as does age. For example, in central Milan, properties built before the fifties have appreciated more than those built more recently, on average. This is because the older buildings, many of which are interesting from an architectural point of view and have fine gardens in the court yard, are located in the most elegant districts of the city center. In the outskirts, however, where buildings are generally newer (less than ten years old) and more anonymous, carry higher prices than older ones, everything else equal.
Finally, the results on location confirm our assumption of a monocentric structure of the city. Prices are much higher if the flat is located in the city center and decrease as the distance from it lengthens. Ln ( Ln ( Multiperiod pooled Adjacent-period Characteristics-price indexes 
